The reactivities of Cal and HMFG2 monoclonal antibodies were compared on paraffin wax embedded breast tissues using indirect immunoperoxidase. The expression of Ca antigen, like HMFG2, is not exclusive to malignancy: Ca was present in 41/53 (77%) and HMFG2 in 42/53 (79.2%) non-malignant conditions and both were present in 33/35 (94%) carcinomas. Similar results were obtained when cryostat sections were used. Both antigens showed striking similarities in their topographical distributions, although quantitative differences were seen. Their cellular and sub-cellular localisations were investigated by double labelling immunofluorescence and immunogold electron microscopy, which showed that the expression of Ca and HMFG2 antigens was closely associated on cell membranes but that the epitopes were distinct.
Monoclonal Cal antibody, which defines an antigen Ca,' has been reported to react selectively with malignant lesions taken from a variety of tissues.2 Subsequent studies have shown a significant degree of reactivity with non-malignant tissue.3-" Several monoclonal antibodies directed against epithelial membrane antigens react with breast tissue. ' 2-' The staining pattern reported for one of these, the human milk fat globule 2 (HMFG2) antibody, ' 2 appeared similar to our observations with Cal in a preliminary study of breast tissue. 3 This study was undertaken to compare the occurrence, distribution, and staining patterns of Ca and HMFG2 antigens on formalin fixed, paraffin wax embedded and frozen tissues derived from malignant and benign lesions of the breast and to determine their cellular association by double label immunofluorescence and immunogold electron microscopy.
Material and methods
TISSUES
Formalin fixed, paraffin wax embedded breast tissues obtained from 4 normal, 49 benign, and 35
Accepted for publication 8 January 1985 malignant lesions were used in the retrospective study. Fresh tissues from 20 benign and 24 malignant breast lesions obtained at operation and snap frozen in liquid nitrogen were used for the prospective study.
METHODS

Immunoperoxidase
Formalin fixed, paraffin wax embedded sections (6 um) were dewaxed and rehydrated to water before examination by a modification of the indirect immunoperoxidase procedure (Table 1) .2 Monoclonal antibodies Cal (IgM, culture fluid, Wellcome Diagnostics Ltd, reconstituted with 1-0 ml of distilled water) and HMFG2 (IgGl, culture fluid, Seward Laboratories) were diluted 1/10 and 1/5 respecfively in phosphate buffered saline (PBS) and 10% bovine serum albumin (BSA) (Miles Laboratories) for use. As controls, monoclonal antibodies R4/23 (IgM, culture fluid, reactive against human dendritic reticulum cells) '5 and WMB 36 (IgM, culture fluid, reactive with a meningococcal antigen) '6 were used undiluted. Ultrathin sections (90-100 nm thick) of areas reactive with both Cal and HMFG2 were prepared for subsequent double label immunoelectron microscopy. One face of the section was incubated with Cal monoclonal antibody (1/10 overnight, 4°C) followed by rabbit antimouse Ig (1/10, 30 min at room temperature), and lastly for 1 h with the 20 nm goat antirabbit IgG gold probe (1/20, Janssen Pharmaceutica). The grids were floated on drops of each reagent and sections were washed with buffer (5 x 1.5 min) between all incubations. Care was taken to avoid wetting the reverse side of the section. After a final wash in water the sections were air dried and coated with a protective film of carbon and, finally, with a supporting layer of celloidin. The opposite face of the section was then similarly treated with HMFG2 monoclonal antibody (1/10), rabbit antimouse Ig, and finally the 5 nm antirabbit gold probe (1/50, Janssen Pharmaceutica). The sections were contrasted with osmium tetroxide vapour before examination by electron microscopy. The labelling was then repeated using the 5 nm gold for Cal detection and the 20 nm gold for HMFG2 detection to avoid the possibility of labelling artefacts. '9 Results Localisation ofCa and HMFG2 antigens in formalin fixed, paraffin embedded and frozen breast tissue The distributions of Ca and HMFG2 antigens in normal and benign breast tissue are shown in Tables  2 and 3 . Of the 53 tissues studied, 41 (77%) were stained by Cal and 42 (79.2%) by HMFG2.
Wherever the two antigens were coexpressed the tissue distribution was similar, although the staining intensity was variable. Ca and HMFG2 antigens were not detected in the mammary epithelium of two normal breasts. The lactating breast expressed HMFG2 strongly on the luminal surface of the acini and in the luminal secretion. Ca antigen was present in smaller amounts and with similar distribution to HMFG2. Inter-and intralobular ducts were negative for both antigens.
We noted a similar distribution of both antigens in 10/17 fibroadenomas. The expression was invariably focal and random, but in one case almost all ducts showed positive epithelium. In nine tissues the antigens were localised on the luminal surface ( Fig. la) and in one strong intracytoplasmic staining was detected (Fig. lb) . In papillomas focal surface positivity of the epithelium was noted.
The expression of both antigens in 28/30 cases of fibrocystic disease was either focal or diffuse (Table 3 ). All cases of apocrine metaplasia showed strong staining of the entire luminal surface and secretion and in 4/12 strong focal intracytoplasmic granular staining was present (Fig. 2) In order to determine whether tissue processing influenced the results, the reactivity and staining patterns of Ca and HMFG2 antigens were studied on cryostat sections from freshly collected material using immunofluorescence ( mixture of the antibodies was applied to a single section, both antigens were detected in all eight malignant and five benign tissues studied. In the majority, both labels were detected in the same groups of cells, confirming the similar topographical distribution of Ca and HMFG2 antigens on a single preparation (Fig. 4) . Preincubation of the section with an excess of Cal or of HMFG2 antibody did not inhibit binding of the other antibody, which confirms that the double labelling seen was not due to sub-optimal levels of antibody in the mixture. The relative sub-cellular localisation of Ca and HMFG2 antigens in selected ultrathin sections of an infiltrating duct carcinoma was examined by double labelling immunogold electron microscopy. Experiments, in which Cal antibody was labelled with the 20 nm gold probe and HMFG2 with the 5 nm gold probe, showed that Ca and HMFG2 were closely associated on the membranes of the same cells (Fig. Sa) , although HMFG2 was occasionally present in the absence of Ca (Fig. Sb) . The same result was obtained when the probes were reversed, thereby excluding the possibility of artefacts due to probe size.
Discussion
This study confirms earlier observations that immunohistochemical staining with Cal on tissue sections fails to discriminate between malignant and benign lesions of the breast.34" The use of fresh material failed to improve this differentiation, which VP., group.bmj.com on July 8, 2017 -Published by http://jcp.bmj.com/ Downloaded from 520 with an excess of the heterologous antibody indicates that the antigenic epitopes, although closely situated, are not identical and that they are topographically sufficiently distant to prevent inhibition due to configurational effects.
These conclusions were confirmed and extended to the cellular level by the simultaneous staining with immunogold preparations of defined diameter and examination by electron microscopy. These double staining results for the first time provide conclusive evidence that Ca and HMFG2 antigens are closely, but not exclusively, associated at the cellular level, topographically separate, and retain distinct epitope specificity. Their expression may be related to the functional activity of individual cells and this phenomenon needs further investigation.
